Investigating regional connections and their influencing factors from the perspective of "flow" space is one of the foundations of promoting regional development. In this article, the data we used includes actual highway passenger flow data, National Polar-orbiting Partnership/Visible Infrared Imaging Radiometer Suite (NPP/VIIRS) nighttime light remote sensing data, and socioeconomic data. We analyzed the spatial distribution pattern, connection intensity and spatial autocorrelation of highway passenger flow in Chongqing during the working day, weekend and May Day and revealed the influencing factors by means of a geographic detector. Three key conclusions resulted from this research. First, highway passenger flow in Chongqing districts exhibits spatial agglomeration that is clearly higher in western Chongqing than in eastern Chongqing and forms an obviously dual-core "star" structure, with the main urban area and Wanzhou serving as the core. Second, a factor detector notes that the nighttime light area index (0.9251, 0.9512, 0.9541) has the strongest explanatory power for the spatial differentiation of passenger traffic in Chongqing districts, which is the key factor. Third, interaction detection shows that the interaction between the two factors displays an enhancement effect at different times. The nighttime light area index shows the strongest explanatory power under the synergy of tourist attractions, which are 0.9850, 0.9903 and 0.9908. But the per capita GDP and highway mileage have the most obvious enhancement effect after interaction (0.9544, 0.9661, 0.9652). Therefore, in future planning and development, we should pay attention to cooperation and exchanges between districts and use the nighttime light area index as an important reference factor to provide a scientific basis for the construction of public transport and economic construction in Chongqing.
Introduction
Under the impetus of modern transportation and information technology, the barrier effect of geographical distance has gradually weakened, and a number of urban-related studies from the perspective of "flow" has been conducted [1] [2] [3] . Traffic flow is the link between cities. The intensity of traffic flow between cities reflects the closeness of the relationship between cities.
However, the actual traffic flow data between cities is often difficult to obtain. Therefore, identification of alternative parameters to represent traffic flow between cities has become the research direction of scholars at home and abroad [4, 5] . In many studies, traffic flow is usually replaced by actual shift information. Early studies based on traffic flow focused more on the perspective of air passenger flow [6] followed by research studies based on rail passenger flow and air passenger flow [7] [8] [9] . Data on passenger air and railway flow are easy to obtain and have great advantages in large-scale network research, but there are considerable limitations on urban connection research in smaller areas. To better study urban linkages at a smaller scale, highway passenger flow has become widely used as an alternative to air and rail flow [10, 11] . The related research enriches the empirical cases of different traffic flows for urban network systems of different scales to some extent and analyzes the basic characteristics of the spatial structure, network association and hierarchical structure of regional connections. However, it is difficult to accurately reflect the characteristics of spatial linkages between cities using shift information instead of actual passenger flow information. Therefore, it is particularly important to use the actual passenger flow to analyze the spatial connection characteristics between cities. The spatial pattern of urban connections reflects the distribution patterns of urban connections, macroscopic differentiation, microscopic changes, and interactions. As one of the important manifestations of the strength of regional connections, passenger flow has interactivity in time and space, which can well reflect the spatial pattern of urban connections. The spatial pattern is the spatial distribution related to the geographical location, and the spatial statistical analysis investigates the spatial dependence, spatial correlation or spatial autocorrelation between the data related to the geographical location and is an analytical method for establishing statistical relationships between data through spatial locations. As a spatial statistical method, spatial autocorrelation analysis [12] reveals the regional structure of spatial variables by analyzing the spatial autocorrelation degree of a certain feature value between a spatial unit and its surrounding units. Although spatial statistical analysis methods have been widely used in many fields, such as resource environments [13, 14] , the social economy [15] , and industrial structures [16] , research on spatial patterns of urban connections combined with spatial statistical analysis methods requires further development.
Formulation of policies and measures for coordinated urban development requires study of not only the spatial pattern of passenger traffic linkages between cities but also the factors that influence the spatial pattern of passenger traffic. Traditional research has analyzed the relationship between the spatial pattern of urban connections and factors such as population size, economy, and urban administrative level [17] [18] [19] . As a source of objective and high-precision data, nighttime light remote sensing data has received widespread attention from scholars [20] [21] [22] [23] . This form of light sensing is sensitive to the faint light generated at night, and nighttime lighting is closely related to human activities. Therefore, remote sensing data of night light can be included in the study of the spatial pattern of urban passenger flow. However, traditional impact factor research is mostly based on correlation analysis, principal component analysis and regression analysis. Among these analyses, correlation analysis mostly explores the influence of single influence factors on the dependent variables in a time series [24] , and the mechanism behind the spatial distribution characteristics is less studied; principal component analysis and regression analysis can comprehensively judge the influence of factors on the dependent variables, but they ignore the relationship between the impact factor and the spatial distribution of the dependent variable, cannot determine the influence of the interaction between the factors on the spatial differentiation characteristics of the dependent variable [25] , and lack quantitative exploration. As a new method based on geospatial space to detect spatial differentiation and to reveal the driving force behind spatial differentiation, geographical detectors [26] can detect not only the intensity of interpretation of a certain influence factor on the spatial differentiation of the dependent variable but also the intensity of interpretation of the independent variables after the interaction of the factors on the spatial differentiation of the dependent variable. Therefore, these detectors have been widely used in many fields [27] [28] [29] [30] .
Remote Sens. 2020, 12, 27 3 of 20 This study aims to analyze the spatial pattern of regional linkages from the perspective of highway passenger flow and explore its impact factors. This study differs from existing research by using actual road passenger flow instead of shift information. In addition, the objective data of NPP/VIIRS night light is included in the influencing factors, and geographic detectors are used to detect the explanatory power of influencing factors on the spatial differentiation of road passenger flow.
This study is structured as follows. Section 2 introduces the study area, study data and methods used in this study, which include spatial autocorrelation and geographical detectors. Section 3 presents the research results. Section 4 discusses the spatial pattern and the influencing factors of road traffic. Section 5 summarizes the study and provides possibilities for future research.
Materials and Methods

Study Area
Chongqing is located in the southwest of China and the upper reaches of the Yangtze River ( Figure 1 ). Chongqing is adjacent to Hubei Province and Hunan Province in the east, Sichuan Province in the west, Guizhou Province in the south, and Shaanxi Province in the north and has a total area of 82,400 square kilometers. The terrain of Chongqing, which is known as the "mountain city", is characterized by "west high and east low" with an elevation difference of approximately 2.72 km. The eastern region of Chongqing is dominated by slopes, and the central and western areas are dominated by hills and mountains. Chongqing is one of the four municipalities directly under the Central Government of China and is also the largest economic center city in the southwestern region and the upper reaches of the Yangtze River, including 26 districts, 8 counties and 4 autonomous counties. To improve the radiation and driving effects of Chongqing s cities to the countryside, the government proposed a development strategy of "one circle and two wings" in 2006. "One circle" refers to the one-hour economic circle consisting of Chongqing main urban, Yongchuan, Jiangjin, Hechuan, Nanchuan, Fuling, Changshou, Tongnan, Tongliang, Dazu, Rongchang, Bishan and Qijiang. The "two wings" are the southeast wing of Chongqing and the northeast wing of Chongqing. The southeastern wing is composed of Qianjiang, Wulong, Xiushan, Youyang, Shizhu and Pengshui. The northeast wing is composed of Wanzhou, Kaizhou, Liangping, Chengkou, Wuxi, Wushan, Yunyang, Fengjie, Zhongxian, Dianjiang and Fengdu. With the development strategy, urban functional divisions have also been proposed. In 2013, the relevant departments of Chongqing comprehensively considered various factors, and subdivided the one-hour economic circle into the urban functional core zone, the urban functional expansion zone and the urban development new zone. The northeastern wing and the southeastern wing of Chongqing corresponded to the northeastern ecological conservation development zone and southeast ecological protection development zone. By the end of 2017, the resident population of Chongqing was approximately 31,117,000 people, and the regional GDP was approximately 203,319,000 thousand yuan. The overall economic status cannot reflect the characteristics of each district in Chongqing. Therefore, analyzing the development status of each district plays an important role in promoting the balanced development of Chongqing. Because the regional population movement plays an important role in promoting economic development, the spatial connection pattern and influencing factors of districts in Chongqing can be studied from the perspective of passenger flow, which can provide decision-making support for Chongqing s economic development and policy implementation. 
Data Sources
The data involved in this study mainly include passenger traffic data, the National Polar-orbiting Partnership/Visible Infrared Imaging Radiometer Suite (NPP/VIIRS) nighttime light remote sensing data, and socioeconomic data of districts in Chongqing, data source and type as shown in Table 1 . Passenger flow data is available for March 2019 and April 30, 2019 to May 5, 2019. Nighttime light remote sensing data currently used are mainly from the Defense Meteorological Satellite Program/Operational Linescan System (DMSP/OLS), NPP/VIIRS and Luojia 1-01. Although the spatial resolution of NPP/VIIRS is not as high as that of Luojia 1-01, its data is more widely used and its development is more mature. Therefore, we finally selected the nighttime light data of NPP/VIIRS as the data source. Nighttime light data uses the Day/Night Band (DNB) band monthly data synthesized by NOAA National Centers for Environmental Information (NCEI). Since this paper mainly studies the influence of various factors on passenger flow, considering the small differences in radiation brightness among districts in short term, and the lack of data in March and the data in May are not announced, the nighttime light data of April 2019 is uniformly adopted. Referring to the research results of many scholars [31] [32] [33] [34] , this paper selects residents population (X1), urbanization rate (X2), highway mileage (X3), tourist attractions (X4), per capita GDP (X5), nighttime light intensity index (X6) and nighttime light area index (X7) as independent variables and the highway passenger flow of districts during the working day, weekend and May Day as dependent variables for analysis. Since the 2018 Chongqing statistical yearbook records the indices of per capita GDP, the indices only reflect the growth of per capita GDP on the basis of the previous year, and does not accurately reflect the per capita GDP of the region. To obtain per capita GDP, this paper uses the GDP provided by daily rankings network (http://www.ttpaihang.com/) divided by the resident population in the statistical yearbook to obtain per capita GDP. The description and unit of the variable are shown in Table 2 . Because the main urban area is mainly serviced by public 
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Passenger Flow Data
In China, May Day is a large festival, and people have more vacation time than weekends. Most people choose to leave their place of residence to travel or visit relatives and friends. During this period, changes in passenger flow is significant. To explore the situation of highway passenger flow for different time types, this paper divided research time into working days, weekends, and May Day. Monday to Friday is defined as working day. Saturday and Sunday were defined as weekend. Considering the arrival of May Day, some passengers will choose to travel in advance, so we defined the May Day as 30 April 2019 to 5 May 2019. Information on bus tickets in and out of districts was obtained for every day during working days, weekends and May Day. For car trips that are not rolling, the average total passenger capacity of each vehicle was set to 50 by comparing and calculating the multi-day ticket, so the difference between the average total passenger capacity and the remaining ticket is the passenger flow of the trip. For the rolling trips, the first step was to obtain the specific total passenger capacity of each trip, and then the difference between the specific total passenger capacity and the remaining ticket was used as the passenger flow of the trip. To make the data comparable, the average of the passenger traffic at different time periods was taken as the passenger flow for the time period. The following formula is used to obtain the passenger flow of each district in each time period.
where PF is the road passenger flow; j is the code of the district; I j is the traffic entering the districts j every day; O j is the traffic leaving the districts j every day; and D represents the number of days.
Nighttime Light Remote Sensing Data
First, Albers equal-area conic projection was performed on an NPP/VIIRS nighttime light remote sensing image, and the nighttime light remote sensing image of Chongqing was obtained with a spatial resolution of 0.7500 km. Since the NPP/VIIRS lighting data has not eliminated the effects of background values and combustion products, the radiance values have negative and maximum values. If used directly, it will have an impact on the research results, so these noises need to be processed. For selection of the minimum radiance value, we combined data with Google Earth, and selected several places where almost no night light as sample zones, such as forests, lakes, and high-altitude areas in Remote Sens. 2020, 12, 27 6 of 20 the ecological reserve, then take the minimum value of them as the minimum value of the study area. Finally, the radiation value of pixels smaller than 2.5700 W·cm −2 ·sr −1 was assigned to zero [35] . In addition, for the extremely high value present in the image, that is, the abnormal maximum radiance value exceeding the most prosperous area in the study area, we selected the maximum radiance value of the surrounding 8 pixels as the radiance value of the pixel [36] . A comparison of before and after processing is shown in Figure 2 .
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where is the radiation area in the district; and is the total area in the district.
Spatial Autocorrelation
Global Spatial Autocorrelation
Global spatial autocorrelation [37] is used to describe the overall distribution of a phenomenon in space and to determine whether the distribution of the phenomenon is aggregated, random, or discrete. This study uses the global Moran's I to represent the global spatial autocorrelation. This coefficient is defined as follows:
where is the number of spatial objects; , is the weight between the spatial object and the spatial object ; is the mean of the spatial objects throughout the study area; and and are Nighttime light remote sensing data mainly includes two important properties, namely, nighttime light intensity and nighttime light area. The larger the nighttime light area is, the brighter the radiance of the pixels are, and the more clearly the economic, population, transportation and other conditions are reflected, which are closely related to human activities. In this study, the nighttime light intensity index and the nighttime light area index were calculated using NPP/VIIRS nighttime light remote sensing data.
Nighttime light intensity index (B) is defined as the sum of the radiance values in the region.
where B represents the nighttime light intensity index; j is the district code; and DN j is radiation value in the district j. Nighttime light area index (C) is defined as the ratio of radiation area to the total area in the region.
where C p is the radiation area in the district; and C A is the total area in the district.
Spatial Autocorrelation
Global Spatial Autocorrelation
Remote Sens. 2020, 12, 27 7 of 20 where n is the number of spatial objects; w i,j is the weight between the spatial object i and the spatial object j; X is the mean of the spatial objects throughout the study area; and x i and x j are the values of spatial object i and spatial object j. The values of I range from −1 to 1. To determine whether the value of I is statistically significant, it is usually statistically tested using P and Z values.
Local Spatial Autocorrelation
Compared with global spatial autocorrelation, local spatial autocorrelation [38] can further reflect the difference between spatial objects and surrounding spatial objects and indicate whether there is aggregation between spatial objects. The local Moran's I is defined as follows:
where
The meaning of each parameter is the same as those of the corresponding parameter in the global space autocorrelation.
Local autocorrelation mainly represents the aggregation of neighboring districts through the four quadrants of high-high (H-H), low-high (L-H), low-low (L-L), and high-low (H-L). H-H and L-L exhibit a positive correlation in space; L-H and H-L exhibit a spatially negative correlation.
Geographic Detector
A geographic detector [26] is a statistical method for detecting the spatial differentiation of geographical objects and reveals the driving forces behind them. It is widely used in various fields. It includes factor detectors, interaction detectors, risk detectors, and ecological detectors. In this study, a factor detector and interaction detector are used to detect the impact of individual influence factors and the interaction of two influence factors on the spatial differentiation of passenger traffic in the district.
Factor Detector
The factor detector is used to detect the degree to which an independent variable interprets the dependent variable in spatial differentiation. The q value is usually used to represent the degree of interpretation, which is defined as follows:
Therefore, the final definition of q is as follows: to an influence factor at the h level; SSW is the sum of the variances of the passenger traffic of different districts; SST is the total variance of passenger traffic in all districts; and the q value range is [0,1]. The larger the q value is, the stronger the explanatory power of the independent variable X to the passenger flow Y is.
Interaction Detector
The interaction detector is used to detect whether the two independent variables work together to increase or decrease the intensity of interpretation of the dependent variable. It is assumed that the interpretation strengths of the independent variables X a and X b of the affected districts' passenger flow are q(X a ) and q(X b ), respectively (a b). After the interaction of the two independent variables, the explanatory power of the spatial differentiation intensity of passenger flow is q(X a ∩ X b ). Comparing q(X a ∩ X b ) with q(X a ) and q(X b ) yields the following five types (Table 3) . Table 3 . Interaction type between two covariates.
Judgment Basis
Interaction
Nonlinear enhancement
Results
Spatiotemporal Distribution of Highway Passenger Flow
Since space-time characteristics are among the most important features of passenger flow data [39] , this part is used to analyze the temporal and spatial distribution characteristics of road traffic. Due to the passenger flow in the main city of Chongqing being significantly higher than that in other districts, to make the results more clear, the main city is excluded from the result shown in Figure 3 (the corresponding passenger flow of the main city is 36,181 people, 45,462 people and 61,293 people for the working day, weekend and May Day, respectively). From Figure 3 , we can see that with the increase of vacation time, the passenger flow of districts increases accordingly. In addition to the main city of Chongqing, Yongchuan has the most passenger flow in all three time periods. This finding may be observed because Yongchuan is located in the upper reaches of the Yangtze River in the west of Chongqing and adjacent to Sichuan Province. These geographical conditions cause it to not only have a good ecological environment but also have airports, port areas and a number of railways and highways. Convenient transportation and a suitable ecological environment make it more attractive.
Since the traffic volume of districts is closely related to the geographical location, researching the traffic volume of the districts should not only reveal the changing trends occurring in different time periods but also aid understanding of the spatial distribution pattern. In this instance, the natural discontinuity method is used to divide the passenger flow into five categories. To make the classification results comparable, based on the classification result of the working day, the passenger flow of the weekend and May Day is classified according to the same criteria. The classification results are shown in Figure 4 , which indicates that the passenger flow during the working day, weekend and May Day shows a trend of decrease from west to east. Under the same classification conditions, the high-value areas of passenger flow are mainly distributed in the western districts of Chongqing, and the low-value areas are mainly distributed in the northeast districts and southeast districts. From the working day to the weekend to May Day, the number of districts entering high-value areas increases. With the increasing holiday time, the passenger flow of the "one-hour economic circle" districts have increased significantly, but the passenger flow in Bishan became relatively small. Wushan as the "Northeast Gateway of Chongqing" has increased passenger volume during May Day. One of the reasons is that Wushan is located in an important position in the Three Gorges Reservoir Area and has rich natural tourism resources and famous tourist attractions. Although it is far from the main city, during holidays is also very attractive to tourists. From the maximum passenger flow, it can be seen that the passenger flow in the main urban area has increased significantly, which has a strong relationship with social and economic status in Chongqing.
Since space-time characteristics are among the most important features of passenger flow data [39] , this part is used to analyze the temporal and spatial distribution characteristics of road traffic. Due to the passenger flow in the main city of Chongqing being significantly higher than that in other districts, to make the results more clear, the main city is excluded from the result shown in Figure 3 (the corresponding passenger flow of the main city is 36,181 people, 45,462 people and 61,293 people for the working day, weekend and May Day, respectively). From Figure 3 , we can see that with the increase of vacation time, the passenger flow of districts increases accordingly. In addition to the main city of Chongqing, Yongchuan has the most passenger flow in all three time periods. This finding may be observed because Yongchuan is located in the upper reaches of the Yangtze River in the west of Chongqing and adjacent to Sichuan Province. These geographical conditions cause it to not only have a good ecological environment but also have airports, port areas and a number of railways and highways. Convenient transportation and a suitable ecological environment make it more attractive. Since the traffic volume of districts is closely related to the geographical location, researching the traffic volume of the districts should not only reveal the changing trends occurring in different time periods but also aid understanding of the spatial distribution pattern. In this instance, the natural discontinuity method is used to divide the passenger flow into five categories. To make the classification results comparable, based on the classification result of the working day, the passenger flow of the weekend and May Day is classified according to the same criteria. The classification results are shown in Figure 4 , which indicates that the passenger flow during the working day, weekend and May Day shows a trend of decrease from west to east. Under the same classification conditions, the high-value areas of passenger flow are mainly distributed in the western districts of Chongqing, and the low-value areas are mainly distributed in the northeast districts and southeast districts. From the working day to the weekend to May Day, the number of districts entering high-value areas increases. With the increasing holiday time, the passenger flow of the "one-hour economic circle" districts have increased significantly, but the passenger flow in Bishan became relatively small. Wushan as the "Northeast Gateway of Chongqing" has increased passenger volume during May Day. One of the reasons is that Wushan is located in an important position in the Three Gorges Reservoir Area and has rich natural tourism resources and famous tourist attractions. Although it is far from the main city, during holidays is also very attractive to tourists. From the maximum passenger flow, it can be seen that the passenger flow in the main urban area has increased significantly, which has a strong relationship with social and economic status in Chongqing. 
Spatial Autocorrelation in Different Time Periods
To study the spatial agglomeration of highway passenger flow, the global Moran index is chosen as the basis for judgment. During the working day, weekend and May Day, the global Moran 
To study the spatial agglomeration of highway passenger flow, the global Moran index is chosen as the basis for judgment. During the working day, weekend and May Day, the global Moran index (Table 4) is 0.1880, 0.1540, and 0.1360, respectively, and all pass the significance test. This result shows that there is a weak positive correlation in the passenger flow. It can be seen from the spatial distribution of the passenger flow (Figure 4 ) that the high-value area and the low-value area are not completely aggregated. The high-value area is not only distributed in the western part of Chongqing but also distributed in Wanzhou, which is located in the northeast of Chongqing. This spatial distribution causes the entire study area to exhibit a weak autocorrelation. Although the autocorrelation coefficient is low, the passenger traffic at different time periods is still agglomerated as a whole. Returning to Figure 5 , which is also classified using the natural discontinuity method, we can see that the traffic connection network on the weekday, weekend and May Day is generally "sparse in the east and dense in the west". The densely populated areas in western Chongqing have close contact with passengers flow and present a "star" structure centered on the main city of Chongqing, indicating that the main city is in a dominant position in the passenger traffic network; there is also a smaller "star" structure in Wanzhou and surrounding districts, indicating that the northeastern region of Chongqing, with Wanzhou district as the core, maintains strong agglomeration in the passenger flow network; although Qianjiang has links with the west of Chongqing and the northeast of Chongqing, the intensity of the connection is mainly concentrated in the west of Chongqing, and the obvious "star" structure is not well represented.
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According to the actual distribution, H-H is mainly distributed in western Chongqing. L-L is mainly distributed in the northeast of Chongqing and the southeast of Chongqing. The distribution is related to the urban functional partition. Bishan is characterized by L-H during the study period, most likely because it is close to the main city and has convenient transportation, which causes more people to choose to drive or take railway transportation. This situation leads to a decrease in passenger flow on the road, making the passenger flow in the surrounding districts higher than that in Bishan. During the period of study, Wanzhou is shown as H-L, perhaps because it is located in the hinterland of the Three Gorges Reservoir Area and is the central city and material distribution center of the Yangtze River in Chengdu and Chongqing, so the population flow is larger than that in the surrounding areas. Xiushan is characterized by L-L on weekend and May Day. Perhaps it is located at the junction of Chongqing, Guizhou and Hunan provinces. During non-working days, the connection between Xiushan and neighboring provinces weakens the connection with Chongqing districts.
Factors Affecting Passenger Flow in Districts
In this section, each variable is divided into five categories using natural discontinuity, which will be assigned values from 1 to 5. Assuming that the resident population of a certain district belongs to level 1, it indicates that the resident population of the district is lower than that of other districts. The spatial distribution of independent variables is shown in Figure 7 
Factor Detector
The factor detector is used to detect the explanatory power of the seven independent variables for explaining the passenger flow. The detection result is shown in Figure 8 .
Changshou is excluded from the L-H during the weekend; during the weekend and May Day, the scope of L-L is expanded and included in Xiushan and Fengdu. In addition, the remaining districts did not show obvious characteristics. It is worth mentioning that the main city with the most passenger traffic has not shown obvious characteristics. This phenomenon indicates that it is between the H-H and the H-L, that is to say, the passenger flow of the main city of Chongqing is roughly equivalent to the passenger flow of the surrounding districts. According to the actual distribution, H-H is mainly distributed in western Chongqing. L-L is mainly distributed in the northeast of Chongqing and the southeast of Chongqing. The distribution is related to the urban functional partition. Bishan is characterized by L-H during the study period, most likely because it is close to the main city and has convenient transportation, which causes more The result of the factor detector shows that the nighttime light area index (0.9251) is the most important influence factor for the passenger flow on working days followed by the nighttime light intensity index (0.9083), urbanization rate (0.9063), residents population (0.8773) and tourist attractions (0.8264). The explanatory power of highway mileage (0.2375) and per capita GDP (0.4704) is weak. Although the order of explanatory power on the weekend is the same as the working day, the q statistical values of some influencing factors are different. Compared with the passenger flow on the working day, the highway mileage (0.2369) has weakened the explanatory power of the weekend s passenger flow, while the resident population (0.9036), urbanization rate (0.9283), tourist attractions (0.8619), per capita GDP (0.4771), nighttime light intensity index (0.9291) and nighttime light area index (0.9512) have increased explanatory power. Differing from the two time periods above, the explanatory power of these influence factors not only changed numerically but also changed in the order of explanatory power during May Day. The explanatory power of urbanization rate rose from the third to the second. In particular, the explanatory power of highway mileage is smaller than that of the other two periods, the explanatory power of per capita GDP is greater than that of the working day but smaller than that of the weekend. The explanatory power of the remaining influencing factors is greater than that of the other two periods. In short, it can be seen from the results of the factor detector that the nighttime light area index is the dominant factor of passenger flow, and the highway mileage is the weakest for explaining the road traffic during the working day, weekend and May Day. districts.
Factors Affecting Passenger Flow in Districts
In this section, each variable is divided into five categories using natural discontinuity, which will be assigned values from 1 to 5. Assuming that the resident population of a certain district belongs to level 1, it indicates that the resident population of the district is lower than that of other districts. The spatial distribution of independent variables is shown in Figure 7 . 
Factor Detector
The factor detector is used to detect the explanatory power of the seven independent variables for explaining the passenger flow. The detection result is shown in Figure 8 . 
Interaction Detector
The spatial distribution and variation of passenger flow are usually not determined by a single factor but by multiple factors interacting together. The interaction detector is used to detect the intensity of the interpretation of the passenger flow after the interaction of the two variables. The results are shown in Tables 5-7 . The interaction detector demonstrates that the interaction between the various impact factors of passenger flow is mainly manifested by double factor enhancement and nonlinear enhancement, and there is no independence or attenuation. Highway mileage and per capita GDP show nonlinear enhancement, and the rest show double factor enhancement. Among these interaction results, the interaction of tourist attractions and the nighttime light area index has the strongest explanatory power for passenger flow, followed by the nighttime light area index and highway mileage and the nighttime light area index and per capita GDP on the working day and weekend. During May Day, the explanatory power of the interaction between nighttime light area index and tourist attractions remained at the first place, but second place became the explanatory power after the interaction of tourist attractions and per capita GDP. It is not difficult to understand that in districts with many tourist attractions and high GDP per capita, the passenger flow on holidays will increase. This shows that the spatial differentiation of highway passenger flow is more dominantly explained by the interaction between nighttime light area index, highway mileage, tourist attractions and per capita GDP.
Discussion
Spatiotemporal Patterns of Highway Passenger Flow
Through the analysis of the temporal and spatial distribution and spatial connection network, this study found that the overall performance of Chongqing highway passenger flow is "west high and east low". However, from the point of contact between districts with high passenger traffic, we found that the spatial pattern is slightly different from the traditional "one-hour economic circle and two wings" (Figure 9 ). The road passenger flow network ( Figure 5 ) shows that the western region of Chongqing takes the main city of Chongqing as the core, and northeastern Chongqing takes Wanzhou as the core to form a dual-core "star" structure, but the spatial agglomeration in the southeastern region of Chongqing is gradually weakening. This result is similar to the result of Gao s contact network in Chongqing by using highway passenger flow and cargo flow [40, 41] . To further explore the spatial agglomeration of passenger flow in southeastern Chongqing, it was found by analyzing the passenger flow network of districts ( Figure 5 ) in combination with influencing factors that, as with the two wings of Chongqing, during the study period, the passenger flow within northeastern Chongqing was stronger than that of southeastern Chongqing. The reason behind this may be that, compared with the ecological conservation development zone in northeastern Chongqing, southeastern Chongqing is an ecological protection development zone with tourism as the main factor, and the urbanization rate is low, which may reduce regional agglomeration. Therefore, the contact of passenger flow in the region is weaker than that in the northeastern region. In addition, the southeast of Chongqing is the only area with an ethnic minority, being inhabited by the Miao and Tujia ethnic groups in Chongqing, and the resident population is relatively small. People of ethnic minorities are relatively closed and have less communication with people in other regions. This will also have a certain impact on the weakening of passenger traffic in the southeast of Chongqing. It is worth mentioning that the airports, railways and highways owned by the southeast of Chongqing have become a powerful booster for tourism development in the region. However, within the region, the road mileage between the districts is relatively small, the road grade is relatively low, and their comfort and safety are not satisfactory. These properties may help to explain the weak contact within the southeast of Chongqing. 
Factors Affecting Road Traffic
The change in spatial pattern is the concrete manifestation of the driving factors behind it. When detecting the influence of each impact factor on the spatial differentiation characteristics of highway passenger traffic, it is found that the nighttime light area index (0.9251, 0.9512, 0.9541) has the strongest explanatory power for the spatial differentiation of highway passenger flow among the factor detection results, which may be because the nighttime light data can be easily obtained as an objective data source, is well-recognized for weak light sources generated by human activities and can indirectly reflect the range of human activities and the degree of urbanization. However, the per capita GDP (0.4704, 0.4771, 0.4751) and highway mileage (0.2375, 0.2369, 0.2347) have weak explanatory power for the spatial differentiation of passenger traffic. The per capita GDP has weak explanatory power on passenger flow, which may be due to its strong subjectivity as a macroeconomic factor and its weak sensitivity to the change of passenger flow in a short time. Thus, it is difficult to accurately describe the distribution of passenger traffic. In addition, the per capita GDP can reflect the quality of life in the region. With the improvement of the quality of life of residents, other alternative modes of transportation, such as private cars, aviation, railways and so on, have emerged to reduce their impact on road passenger flow. Because the mileages of freeway and other road types are both included in highway mileage, the two types of roads are divided to explore the reason why the highway mileage has the weakest explanatory power on passenger flow. Road mileages of different types in Chongqing ( Figure 10) show that the mileage of other roads in districts is significantly more than the mileage of freeway. The factor detector is used to explore the explanatory power of freeway and other roads to passenger flow. The result of factor detector shows that the explanatory power of other roads is 0.3840, 0.4048 and 0.3997, respectively. But the explanatory power of freeway is 0.8234, 0.8616 and 0.8730, respectively. This indicates that freeway mileage may better explain the spatial differentiation of passenger traffic compared to other roads mileage [34] . Chongqing has complex terrain and large differences in altitude, which makes population, economy, and policy mostly concentrated in relatively flat areas [42] . And the construction of the freeway is inseparable from these conditions. These conditions, in turn, will increase the flow of passengers in districts. 
The change in spatial pattern is the concrete manifestation of the driving factors behind it. When detecting the influence of each impact factor on the spatial differentiation characteristics of highway passenger traffic, it is found that the nighttime light area index (0.9251, 0.9512, 0.9541) has the strongest explanatory power for the spatial differentiation of highway passenger flow among the factor detection results, which may be because the nighttime light data can be easily obtained as an objective data source, is well-recognized for weak light sources generated by human activities and can indirectly reflect the range of human activities and the degree of urbanization. However, the per capita GDP (0.4704, 0.4771, 0.4751) and highway mileage (0.2375, 0.2369, 0.2347) have weak explanatory power for the spatial differentiation of passenger traffic. The per capita GDP has weak explanatory power on passenger flow, which may be due to its strong subjectivity as a macroeconomic factor and its weak sensitivity to the change of passenger flow in a short time. Thus, it is difficult to accurately describe the distribution of passenger traffic. In addition, the per capita GDP can reflect the quality of life in the region. With the improvement of the quality of life of residents, other alternative modes of transportation, such as private cars, aviation, railways and so on, have emerged to reduce their impact on road passenger flow. Because the mileages of freeway and other road types are both included in highway mileage, the two types of roads are divided to explore the reason why the highway mileage has the weakest explanatory power on passenger flow. Road mileages of different types in Chongqing ( Figure 10) show that the mileage of other roads in districts is significantly more than the mileage of freeway. The factor detector is used to explore the explanatory power of freeway and other roads to passenger flow. The result of factor detector shows that the explanatory power of other roads is 0.3840, 0.4048 and 0.3997, respectively. But the explanatory power of freeway is 0.8234, 0.8616 and 0.8730, respectively. This indicates that freeway mileage may better explain the spatial differentiation of passenger traffic compared to other roads mileage [34] . Chongqing has complex terrain and large differences in altitude, which makes population, economy, and policy mostly concentrated in relatively flat areas [42] . And the construction of the freeway is inseparable from these conditions. These conditions, in turn, will increase the flow of passengers in districts. To deeply explore the influence of the impact factor on the spatial differentiation of highway passenger flow after interaction, the nonlinear enhancement type of overflow value is used to judge the strength of the factor′s explanatory power for the passenger flow after the interaction. The expression for the overflow value denoted as E is:
The overflow values are sorted in descending order, and the first three values are displayed (Tables 8-10 ). It can be seen that, during the study period, ∩ , that is, the overflow value after the interaction between highway mileage and per capita GDP is the largest and positive value, followed by ∩ , that is, nighttime light intensity index and nighttime light area index. The difference is that, on the working day, the overflow value of ∩ , that is, the urbanization rate and the nighttime light intensity index, is in third, and on the weekend and May Day, ∩ , that is, the urbanization rate and the nighttime light area index, is in third. It is worth noting that, in the result of the factor detector (Figure 8 ), the q value of highway mileage, which is represented by q( ), is 0.2375, 0.2369, and 0.2347, respectively, and the q value of per capita GDP which is represented by q( ), is 0.4704, 0.4771, and 0.4751, respectively. However, after the interaction, q( ∩ ) is 0.9544, 0.9661, and 0.9652, respectively. That is to say, the explanatory power of the spatial differentiation characteristics of highway passenger flow is greatly enhanced. The reason behind this may be that the per capita GDP reflects the economic growth situation of the region, and the highway mileage reflects road construction and the level of urban development in the region. The interpretation of passenger flow by a single factor is one-sided, and the synergistic effect of the two can explain the spatial distribution characteristics of passenger traffic in Chongqing more comprehensively, which is another advantage of the geographic detector. To deeply explore the influence of the impact factor on the spatial differentiation of highway passenger flow after interaction, the nonlinear enhancement type of overflow value is used to judge the strength of the factor s explanatory power for the passenger flow after the interaction. The expression for the overflow value denoted as E is:
The overflow values are sorted in descending order, and the first three values are displayed (Tables 8-10 ). It can be seen that, during the study period, X 3 ∩ X 5 , that is, the overflow value after the interaction between highway mileage and per capita GDP is the largest and positive value, followed by X 6 ∩ X 7 , that is, nighttime light intensity index and nighttime light area index. The difference is that, on the working day, the overflow value of X 2 ∩ X 6 , that is, the urbanization rate and the nighttime light intensity index, is in third, and on the weekend and May Day, X 2 ∩ X 7 , that is, the urbanization rate and the nighttime light area index, is in third. It is worth noting that, in the result of the factor detector ( Figure 8 ), the q value of highway mileage, which is represented by q(X 3 ), is 0.2375, 0.2369, and 0.2347, respectively, and the q value of per capita GDP which is represented by q(X 5 ), is 0.4704, 0.4771, and 0.4751, respectively. However, after the interaction, q(X 3 ∩ X 5 ) is 0.9544, 0.9661, and 0.9652, respectively. That is to say, the explanatory power of the spatial differentiation characteristics of highway passenger flow is greatly enhanced. The reason behind this may be that the per capita GDP reflects the economic growth situation of the region, and the highway mileage reflects road construction and the level of urban development in the region. The interpretation of passenger flow by a single factor is one-sided, and the synergistic effect of the two can explain the spatial distribution characteristics of passenger traffic in Chongqing more comprehensively, which is another advantage of the geographic detector. 
Conclusions
Based on highway passenger flow data, NPP/VIIRS nighttime light remote sensing data and economic data, this paper combines the spatial autocorrelation method to analyze the spatial connection and distribution pattern of highway passenger traffic in districts of Chongqing during the working day, weekend and May Day. At the same time, the factor detectors and interaction detectors in the geographic detector are used to detect the explanatory power of the spatial differentiation characteristics of highway passenger traffic under the single factor and multiple factors. The empirical conclusions are as follows.
According to the spatial distribution pattern and spatial autocorrelation, the passenger traffic volume in Chongqing is generally "west high and east low" and has spatial agglomeration. It forms an obviously dual-core "star" structure with the main city of Chongqing and Wanzhou as the core.
The factor detection results show that, although the q statistical values of the influence factors are different at different times, the nighttime light area index is always the strongest variable explaining the spatial differentiation characteristics of highway passenger traffic in Chongqing, while the explanatory power of the highway mileage was the weakest.
The interaction results indicate that the influence factors selected in this study show an enhancement effect under the interaction. Under the synergy of tourist attractions, the nighttime light area index has the greatest explanatory power for the spatial differentiation of highway passenger flow, and the explanatory power of the interaction between highway mileage and per capita GDP is considerably higher than that of a single factor.
When analyzing the traffic volume of all districts in Chongqing, this study takes the specific number of passengers on the road as the research object and introduces the remote sensing data of the NPP/VIIRS nighttime light, which enriches the ability to research passenger flow. However, there are many kinds of connections between districts. For the study of passenger flow, it is inevitable that road traffic alone is insufficient to provide a full picture. Therefore, railway and air passenger flows will be taken into account in future studies, and the spatial pattern of passenger traffic in Chongqing and its influencing factors will be comprehensively analyzed. Moreover, the data in this study is limited to a short time, and we will continue to collect long-term sequence data for further research in the future. We would like to thank Hong Qian, Chunling Fu, Beixi Weng, and Xiaoling Chen from Chongqing Songshuqiao middle school for collecting the data. We would like to thank the editors and anonymous referees for their constructive comments.
